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$F(X, Y)(f(X, \mathrm{Y})=0)$ $k=\mathrm{Q}(\theta)$ (f(\mbox{\boldmath $\theta$})=0)\supset Ok(k )














$\pi_{1}(C)$ $\mathrm{G}\mathrm{a}1(\overline{F}/F)\simeq\hat{\mathrm{Z}}$ $\pi_{1}(\overline{C})$ $l$ $F$.
pr\sim l \pi l $(\overline{C})^{(l)}$
prO-lGalois
$l$- Galo $\pi_{1}(\mathcal{O}_{k})^{(l)}$ $\mathrm{G}\mathrm{o}1\mathrm{o}\mathrm{d}-\check{\mathrm{S}}\mathrm{a}\mathrm{f}\mathrm{a}\mathrm{r}\mathrm{e}\mathrm{v}\mathrm{i}\check{\mathrm{c}}$




“l ” l “ ” )
k k $\mathrm{Z}\iota$- $\mathcal{O}_{\infty}$
$\mathrm{I}$ $1arrow\pi_{1}(\mathcal{O}_{\infty}[1/l])^{(l)}arrow\pi_{1}(\mathcal{O}_{k}[1/l])^{(l)}arrow \mathrm{G}\mathrm{a}1(k_{\infty}/k)\simeq \mathrm{Z}_{l}arrow 1$
l (positively ramffied






$S^{1}$ Seifert ( $l$ fibred
) Alexander (
Alexander Mazur
([Ma2], ) $)$ 3 $\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(\mathcal{O}_{k})$ 3
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$K\cup L$ $\mathrm{R}^{3}\subset S^{3}$
$c,$
$l$ : $[0, 1]arrow \mathrm{R}^{3}$
$K,$ $L$ $1\mathrm{k}(K, L)$
(1.1) $1 \mathrm{k}(K, L)=-\frac{1}{4\pi}\int_{0}^{1}ds\int_{0}^{1}\frac{((l(t)-c(s))\cross d(s))\cdot l’(t)}{||l(t)-c(s)||^{3}}dt$
$= \int_{0}^{1}B(l(t))\cdot l’(t)dt$ .
(1.2) $H^{1}(S \mathrm{s}-K)\cross H_{c}^{2}(S^{3}-K)\bigcup_{arrow}H_{c}^{3}(S^{3}-K)\simeq \mathrm{Z}$
[ $[D]\cup[L]$
$p,$ $q$ $X=\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(\mathrm{Z})$ X etale topol-




Robenius longitude [ F2-
etale cohomology l cup
$H^{1}(X- \{p\})\cross H_{c}^{2}(X-\{p\})\bigcup_{arrow}H_{e}^{3}(X-\{p\}, \mathrm{G}_{\mathrm{m}})\simeq \mathrm{Q}/\mathrm{Z}$
$\check{\mathrm{x}}$ modify L cohomology




$D$ $p$ $[q]\in H^{2}(X-\{p\})$ $H_{q}^{2}(X)$
(1.2) $[D]\cup[q]$ 2
q $1\mathrm{k}_{2}$ ($p$ , q)\in F2 Artin-Verdier
( ) $1\mathrm{k}_{2}(p, q)$ Legendre $(\begin{array}{l}gp\end{array})$
$-\mathrm{a}\text{ }([\mathrm{W}])$ :
$( \frac{q}{p})=(-1)^{1\mathrm{k}_{2}\mathrm{C}p,q)}$
$l$ $\mathrm{m}\mathrm{o}\mathrm{d}$ l 1
$\mathrm{m}\mathrm{o}\mathrm{d} l,$ $1\mathrm{k}_{l}(p, q)\in \mathrm{F}_{l}$
Legendre
Gauss Gauss
$G_{y}(p)= \sum(^{X})$ e p(–2\pi$\sqrt$p– $1xy$ )
$\in \mathrm{F}_{\mathrm{p}}$
$p$
$\text{ }$ Legendre Gauss :
(1.3) $( \frac{q}{p})=\frac{1}{p}\sum_{y\in \mathrm{F}_{p}}G_{y}(p)\exp(-\frac{2\pi\sqrt{-1}yq}{p})=\frac{1}{p}\sum_{x}\sum_{y}(\frac{x}{p})\exp(\frac{2\pi\sqrt{-1}(x-q)y}{p})$ .
(1.1) (1.3) $B(x)$ Gauss $G_{y}(p)$ ?
$p$
$G(p)$ q !
Gauss 2 2 (Disquisitionae Arithmeti-





(1.4) $\int_{A(\mathrm{R}^{3})}\exp(2\pi\sqrt{-1}k\int_{\mathrm{R}^{S}}a\wedge da)$ $\exp(\sqrt{-1}\int_{K}a)\exp(\sqrt{-1}\int_{L}a)$Da
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$(karrow\otimes)$ Gauss , $\mathrm{e}\psi\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\Sigma\lambda_{\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}}x_{\ovalbox{\tt\small REJECT}}\ovalbox{\tt\small REJECT}$) $dx$
([ ]) Gauss
$\backslash$ [ [ } $\mathrm{S}\mathrm{U}(2)$-Chern-SimOns
(1.5) $\int_{A(\mathrm{R}^{3})},\exp(2\pi\sqrt{-1}kCS(a))\psi_{K}(a)\psi_{L}(a)Da$
$karrow\infty$ ) ( $\psi_{K}(a)$ $\exp(\int_{K}a)$ ([
2],[ ] $))$ ‘Vassffiev
Gauss ( )











$(\begin{array}{l}\epsilon q\end{array})=(\begin{array}{l}pq\end{array})(p, q\equiv 1\mathrm{m}\mathrm{o}\mathrm{d} 4)$
3-dim. Poin\mbox{\boldmath $\alpha$} e\acute Artin-Verdier
Gauss $rightarrow$ Gauss
$A(\mathrm{R}^{3})$ adele
V siliev . . . $rightarrow$ ?
Chern-Simons
Massey Milnor $\overline{\mu}-$






$L$ $n$ $K_{1},$ $\cdots$ , \kappa n $G_{L}=\pi_{1}(S^{3}\backslash L)$
$G_{L}^{(q)}$ GL $q$-term Milnor
$G_{L}/G_{L}^{(q)}$ $([\mathrm{M}\mathrm{i}1,2])$ :
$F=\langle x_{1}, \cdots, x_{n}\rangle-$
K|. meridian word x|.
$q\geq 1$ $y_{1}^{(q)},$ $\cdots$ y|(*q)\in F $y_{1}^{(q)}.\equiv y^{(q+1)}\mathrm{m}\mathrm{o}\mathrm{d}$
(2.1) $G_{L}/G_{L}^{(q)}=\langle x_{1}, \cdots, x_{n}|1^{x}:, y_{1}^{(q)}.]=1(1\leq i\leq n), F^{(q)}=1\rangle$
$y^{(q)}\dot{.}$ $G_{L}/G_{L}^{(q)}$ K.$\cdot$ longitude $x_{1},$ $\cdots,$ $x_{n}$ word
$L$ $y^{(q)}\dot{.}$ q
$G_{L}$ M nor
$y_{j}^{(q)}$ $\mathrm{Z}[[X_{1}, \cdots, X_{n}]]_{nc}(x:=1+X\dot{.})\backslash$ Magnus
$y_{\mathrm{j}}^{(q)}=1+ \sum\mu(i_{1}\cdots i_{r}j)X_{1}.\ldots X_{\dot{\nu}}1$
Milnor $\mu(i_{1}\cdots i_{f}j)(r<q)$ } indeter-
minacy \Delta $\overline{\mu}(I)=\mu(I)\mathrm{m}\mathrm{o}\mathrm{d}$ \Delta $L$ topy [




$\equiv 1$ mo $n$ $S=\{p_{1}, \cdots,p_{n}\}$
$G_{S}(l)=\pi_{1}(X\backslash S)^{(\mathrm{t})}$ $S\cup\{\infty\}$ $\mathrm{Q}$
$l$- $\mathrm{Q}_{S}(l)$ Galois $\mathrm{Q}_{S}(l)$ $\wp$: 1
$G_{:},$ $I_{1}$. $I_{1}$. 1 \mbox{\boldmath $\tau$}l. $G_{:}$ $\tau_{\dot{l}}$
Frobenius $\sigma$: $\sigma_{i}\tau\dot{.}\sigma^{-1}\dot{.}=\tau^{p:}$
(Hasse- ) $\circ$ Galois $Gs(l)$ (Koch) :
(2.2) $G_{S}(l)=\langle x_{1}, \cdots, x_{n}|L?^{:-1}[x_{i}, y\dot{.}]=1,1\leq i\leq n\rangle$
$x$: $\tau_{1}$. word $y_{1}$. $\sigma_{1}$.
(2.2) (2.1) $\tau_{\dot{\mathrm{s}}}$ (monodromy),
$\sigma:(\mathrm{R}\mathrm{o}\mathrm{b}\mathrm{e}\mathrm{n}\mathrm{i}\mathrm{u}\mathrm{s})$ meridian, longitude
108
$K_{\ovalbox{\tt\small REJECT}}$ tubular $N\ovalbox{\tt\small REJECT}$ $\pi_{1}(\partial N_{\ovalbox{\tt\small REJECT}})arrow G_{L}$ $\mathrm{Q}_{p\ovalbox{\tt\small REJECT}}$
$\pi_{1}(\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(\mathrm{Q}\sim)^{(l)}\ovalbox{\tt\small REJECT} G_{\ovalbox{\tt\small REJECT}}arrow G_{S}(l)$
Milnor $F$
$x_{1},$ $\cdots$ , xn prO-l $x_{i}$ $1+X_{i}$ Magnus
$Farrow \mathrm{F}_{l}[[X_{1}, \cdots, X_{n}]]_{nc}^{\mathrm{x}}$ , $y_{j}$ Magnus
$y_{j}=1+ \sum\mu_{l}(i_{1}\cdots i_{r}j)X_{i_{1}}\cdots X_{i_{r}}$
$\mu\iota(i_{1}\cdots i_{r}j)\in \mathrm{F}_{l}$ Milnor \mu l-
( l $I|<r$ [ $\mu_{l}(I)=0$ $\mu\iota(Ij)$ $Gs(l)$ (
$\mu_{l}(ij)$ 2 , $p_{j}$ \mbox{\boldmath $\zeta$}\mu \iota (l.j)(\mbox{\boldmath $\zeta$} 1 l )
$(\begin{array}{l}\ pj\end{array})$ ( 1 )
(I) triple
Galois $Gs(l)$ Zassenhaus filtration $G_{S}(l)_{q}=Gs(l)\cap(1+I_{\mathrm{F}_{l}[[G_{S}(l)]]}^{q})$
( $I\mathrm{F}_{\iota}[[G_{S}(l)]]$ $\mathrm{F}_{l}[[G_{S}(l)]]$ augmentation ideml) { $\mathrm{Q}_{S}(l)/\mathrm{Q}$








covering linkage in iant
([Mu]) Fox pro-l (
[Ih3] $)$ Gmlois $G_{S}(l)$ $\mathrm{m}\mathrm{o}\mathrm{d}$ l Heisenberg
R\’edei 2 Heisenberg
$[\mathrm{M}\mathrm{o}2],\S 3$
. $(p_{1},p_{2},p_{3})=(5,41,61),$ $(5,29,181)$ . $\mu_{2}(ij)=0(1\leq i\leq 3)_{\text{ }}$





( $\mathrm{M}\mathrm{a}\mathrm{e}\mathrm{s}\mathrm{e}\mathrm{y}- \mathrm{R}\mathrm{a}1\mathrm{d}\mathrm{i}_{\text{ }}$ Labute )
[M02]
Gauss Mflnor
? $F=<x_{1},$ $\cdots,$ $x_{n}>$
$\mathrm{C}$ [ $[X_{1},$ $\cdots$ , Xn]]nxc $x_{\mathrm{i}}\mapsto 1+X_{1}$. +( gher te\rightarrow
$\mathrm{C}$ [ $[X_{1},$ $\cdots$ , Xn]]nc
F
$F=\pi_{1}(\mathrm{C}-\{1, \cdots, n\})$ $\mathrm{C}-\{1, \cdots, n\}$
formal comection $\Sigma_{1=1}^{n}.(_{\overline{2}\pi}\tau_{-\overline{1}}^{1}\frac{\ }{z-} \dot{.})X\dot{.}$
monodromy Chen $F$
([Li]) : $F\ni g=[c](c=1\mathrm{o}\mathrm{o}\mathrm{p})$
$I(g)=1+.. \sum_{11\leq:_{1,\prime r}\leq n}.\cdot((\frac{1}{2\pi\sqrt{-1}})^{r}\int_{0\leq t_{1}\leq}..$ $. \leq t_{r}\leq 1\bigwedge_{k=1}^{r}\frac{dc(t_{k})}{c(t_{k})-i_{k}})X_{1}.\ldots X_{r}1\dot{.}$
Milnor string link Kontsevich
Habe er-Maebaum ([H-M])
Milnor ( Gauss ?)
Jacobi
([Ih2])
$L=K_{1}\cup\cdots K_{n}$ $rightarrow$ $S=\{p_{1}, \cdots,p_{n}\}$ ,
$p:\equiv 1\mathrm{m}\mathrm{o}\mathrm{d} l$
$G_{L}$ $rightarrow$ $G_{S}(l)$
meridian, longitude $\tau.\cdot$ (monodromy), $\sigma$:(frobenius)






Alexander ideal $rightarrow$ pro(mod)-lAlexander ideml
(reduced)Alexander
Xexander( ) GaJois( )
Crowe prO-lCrowell
Chen-Kontsevich $rightarrow$ multiple zeta, ploylog ?
3. Arithmetic topology
1, 2 $S^{3}$ $\mathrm{Q}$









$\mathrm{G}\mathrm{o}\mathrm{l}\mathrm{o}\mathrm{d}-\check{\mathrm{S}}\mathrm{a}\mathrm{f}\mathrm{a}\mathrm{r}\mathrm{e}\mathrm{v}\mathrm{i}\check{\mathrm{c}}$ ( ) $([\mathrm{T}],[\mathrm{R}1])$ . l-
Galois $\pi_{1}(\mathcal{O}_{k})^{(l)}$ k ?
$\mathrm{G}\mathrm{o}1\mathrm{o}\mathrm{d}-\check{\mathrm{S}}\mathrm{a}\mathrm{f}\mathrm{a}\mathrm{r}\mathrm{e}\mathrm{v}\mathrm{i}\check{\mathrm{c}}$ :
$G$ $\langle x_{1}, \cdots, x_{n}|r_{1}=\cdots=r_{m}=1\rangle$ pr\sim l
$m<n^{2}/4$ $G$
( Lyndon resolusion $\mathrm{F}_{l}[G]^{m}arrow \mathrm{F}_{l}[G]^{n}arrow Iarrow 0,$ $I=\mathrm{a}\mathrm{u}\mathrm{g}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$
ideal, $\oplus_{n\geq 0}I^{n}/I^{n+1}$ Hilbert






$\ovalbox{\tt\small REJECT}(M, \mathrm{Z})$ $rightarrow$ $\ovalbox{\tt\small REJECT}$
3-manifold group Reznikov
$l$ [ $\dim H_{1}(M, \mathrm{F}_{l})\geq 4$ virtuaUy $b_{1}$ -poeitive
M $\text{ }l$-cover
R nikov M $i$ M.$\cdot$ $\dim H_{1}(M\dot{.}$ , F
$\mathrm{G}\mathrm{o}\mathrm{l}\mathrm{o}\mathrm{d}-\check{\mathrm{S}}\mathrm{a}\mathrm{f}\mathrm{a}\mathrm{r}\mathrm{e}\mathrm{v}\mathrm{i}\check{\mathrm{c}}$
&-manifold group pr\sim l l- Lie
$\mathrm{P}\mathrm{S}\mathrm{L}_{2}(\mathrm{C})$










$Marrow\pi S^{3}$ $t$ $K_{1},$ $\cdots$ , Kt $m$
Galois r \sigma
$H_{1}(M)=H_{1}(M, \mathrm{Z})$ a $\alpha,$ $\beta$
$\alpha\approx\beta\Leftarrow 1\mathrm{k}(\pi_{*}(\alpha)$, \kappa $\equiv 1\mathrm{k}(\pi_{*}(\beta), K_{i})$ mod $m:,$ $1\leq i\leq t$
( $\mathrm{w}\mathrm{e}\mathrm{U}$-defined) :
meridian r $m_{i}(\neq 1)$
$\alpha\approx\beta\Leftrightarrow\alpha-\beta\in H_{1}(M)^{\sigma-1}=H_{1}(M)^{\Gamma}$,
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$H_{1}(M)/\approx$ $arrow\sim$ $\{(\xi_{i})\in\Pi_{i=1}^{t}\mathrm{Z}/m_{i}\mathrm{Z}|\Sigma_{=1}^{t}\dot{.}\xi_{i}=0\}(\mathrm{Z}/m_{i}\mathrm{Z}\subset \mathrm{Z}/m\mathrm{Z})$
$\mathfrak{l}V$
$\mathrm{I}\ovalbox{\tt\small REJECT}$
$[\alpha]$ $\mapsto$ $(1\mathrm{k}(\pi_{*}(\alpha), K_{i})\mathrm{m}\mathrm{o}\mathrm{d} m_{i})$
- ([I-T])





k $a$ (a) 3-manifoldM
S S k
$\mathcal{O}_{k}^{\mathrm{x}}$ $H_{2}(M, \mathrm{Z})$ ([R2])
$rightarrow$
$H_{2}(M, \mathrm{Z})$ $\mathcal{O}_{k}^{\mathrm{x}}$
Galois K/k K k
$|\mathrm{K}\mathrm{e}\mathrm{r}(H_{k}arrow H_{K})|$ K Galois cohomology $|H^{1}$ (Gal(K/k), $\mathcal{O}_{K}^{\mathrm{x}}$) $|$
$Narrow M$ 3-manifolds G $\mathrm{o}\mathrm{i}\mathrm{s}$ $t$ :
$H_{1}(M)arrow H_{1}(N)$ transfer $|\mathrm{K}\mathrm{e}\mathrm{r}(H_{1}(M)arrow tH_{1}(N))|$ $H_{2}(N)$
Galois cohomolo ? K/k
$|H^{1}$ (Gal(K/k), $\mathcal{O}_{K}^{\mathrm{x}}$ ) $|$ $[K : k](\mathcal{O}_{k}^{\mathrm{x}} : N_{K/k}(\mathcal{O}_{K}^{\mathrm{x}}))$ { (Herbrand, Artin,
Chevalley, $\mathrm{T}\mathrm{a}\mathrm{t}\mathrm{e})_{\text{ }}$ Hilbert 94 K/k
$[K : k]$ k K 3-manif0ld
?
([ ]) :Poincare’
$\mathrm{K}\mathrm{e}\mathrm{r}(H_{1}(M)arrow {}^{t}H_{1}(N))$ $\mathrm{K}\mathrm{e}\mathrm{r}(H^{2}(M)arrow H^{2}(N))$
$1arrow\pi_{1}(N)arrow\pi_{1}(M)arrow \mathrm{G}\mathrm{a}1(N/M)=:Garrow 1$
Hochschild-Serre spectral sequence M $K(\pi, 1)$
spectral sequence
$0arrow \mathrm{C}\mathrm{o}\mathrm{k}(d_{2}^{0,1})arrow \mathrm{K}\mathrm{e}\mathrm{r}((H_{1}(M)arrow {}^{t}H_{1}(N))arrow \mathrm{K}\mathrm{e}\mathrm{r}(d_{2}^{1,1})arrow 0$,
$\theta_{2’}^{1}$ : $H^{1}(G, H^{1}(N))arrow H^{2}(G, \mathrm{Z}),$ $d_{2}^{1,1}$ : $H^{1}(G, H^{1}(N))arrow H^{3}(G, \mathrm{Z})$ .
N/M ${\rm Im} d_{2}^{0,1}= \mathrm{K}\mathrm{e}\mathrm{r}(\inf : H^{2}(G, \mathrm{Z})arrow H^{2}(M))=0$ ,
$H^{3}(G, \mathrm{Z})=0$ $|\mathrm{K}\mathrm{e}\mathrm{r}((H_{1}(M)-^{t}H_{1}(N))|=[N : M]|H^{1}(G, H_{2}(N))|$
113
3–manifold Hilbert 94
$$ B. Mazur [Ma3] Mazur
([Ma2]) Mazur 35 (
Alexander
$\text{ }$ } topic) t mimeographed note(
) (
Mazur mimeo. note Mazur
Mazur ) $\text{ }$ Mazur note
[Ma3] Mazur
$\pi_{1}(S^{3}\backslash K)$
variation $\text{ }$ Galois $\mathrm{f}\mathrm{f}\mathrm{l}\pi_{1}(\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}(\mathrm{Z})\backslash \{p\})$ 2 (7m0tive\rightarrow ?
iation Mazur R nikov, Kapranov
g ( ) $\prime x$
$[]’-$ Gauss




$\text{ }$ M.Kontsevich J. llman
B.Mazur J.Morava.
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